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This paper gives the main results of an experimental investigation of
the laws of flow and heat transfer for the case of a turbulent jet emerg-
ing from a radial source of finite dimensions and spreading along a
wall in the Rey range 10%32 - 10,

Klientov [1] obtained a theoretical solution of this
problem in the general form by using approximate
integral relationships and the condition of nontriviality
of the solution of the hydrodynamic problem, estab-
lished by Akatnov [2] for a plane semi-infinite laminar
jet and by Tsukker [3] for a semi-infinite radial lami~
nar jet. It was assumed that the radial jet emerges
from a point source situated in the plane wall, along
which the jet spreads. The only experimental investi-
gations in this field are Abramzon and Skovorodnikov's
measurements [4] of the velocity profiles for radial
semi-infinite jets in the Re range 1.3 - 104-2.8 - 104,

The experimental investigation was conducted on a
special apparatus (Fig. 1). Its working section was a
smooth textolite-glass disk calorimeter of composite
construction and diameter 440 mm. The disk calorim-
eter contained the main dc electric heater, consisting
of four segmented nichrome sections connected in
parallel and having a total resistance of 27 ohms. Each
section consisted of a spiral of nichrome wire accom-
modated in annular grooves. The resistance of the
sections over the radius of the disk was chosen to en—
sure constancy of the specific heat flux: q = const. The
thickness of the wall between the heat-transfer surface
and the inner annular surface under the nichrome spiral
was 2 mm. The disk calorimeter was fitted to a texto-
lite-glass cover disk 15 mm thick. The power of the
main eleciric heater was measured with class~0.5 in-
struments.

The temperature of the heat-transfer surface was
measured by ten copper-constantan thermocouples
with thermoelectrodes 0.2 mm in diameter. The ther-
mocouples were fastened with a special adhesive to
circular grooves 0.3 mm deep at 20-mm steps over
the radius of the disk. The adhesive was made from
textolite~glass powder and BF-6 cement. The emf of
the thermocouples was measured by PP potentiom-
eters with an instrumental error of 0.05 mV,

The cooling air was brought to the disk through a
normal nozzle flowmeter to a directing nozzle with a
smooth outlet. The directing nozzle and the disk sur-
face formed a radial slit source with an initial uni-
form velocity distribution over the slit width. Diagrams
of the radial velocities on the disk were measured by
means of a single-channel total-pressure tube with a
positioning device and an MMN micromanometer.

This device enabled us to position the inlet nozzle of

the total~pressure tube at any point on the disk to
within 0.05 mm in the axial direction and to within

1 mm over the disk radius. The thickness of thenozzle
was 0.5 mm, which enabled us to measure the kinetic
head at a minimum axial distance of 0.3 mm from the
disk.

Heat loss from the surface of the cover disk was
compensated for by means of an adjustable ac elec-
tric heater. Possible heat leakage to the center of the
disk calorimeter and through the cover diskwas deter-
mined from the readings of 12 thermocouples imbedded
in the disk at different radii and from the known ther-
mal conductivity of textolite-glass. Three thermo-
couples were mounted on the rim of the disk. The re-
lative humidity of the air was monitored by a sensor
connected to an electronic recorder.

During the experiments we altered the geometric
characteristic by/ry of the slit source from 0.0212 to
0.1 by changing the slit width b, from 0.85 to 4 mm.,
The radius of the outflow was constant, equal to 40 mm.
The initial velocities at the outlet of the slit source
varied from 20 to 100 m/sec, which corresponds to
Rey= 10°~1.2 - 104,

The temperature on the disk surface in the experi-
ments was 60—100° C, The temperature of the cooling
air was —20 to —25° C. The total heat leakage in the
experiments did not exceed 3~5% of the total heat pro-
duced by the main heater.

From measurements of the kinetic heads, the heat
flow, and temperatures, we calculated the velocities
and heat-transfer coefficients by the usual methods.
In the determination of the physical parameters of the
air the characteristic quantity was the mean tempera~-
ture of the boundary layer

_ Lth

2 (1

The results of measurement of the velocity profiles
on different radii of the diskin generalized coordinates
w/wm = f(y/yo) are shown in Fig. 2. As the figure
shows, the experimental data agree satisfactorily with
one another. The scatter of the points does not exceed
5%.

It can be shown that these data are approximated by
a modified Karman profile for the radial velocity compo-
nent on a disk rotating in an unbounded volume. For
this it is better to reduce the Karman profile

1

w =0.1620 r (% )_7 (1— %) (2)
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Fig. 1. Working section of the experimental apparatus: 1) disk-calorimeter;
2) main electric heater; 3) guide nozzle; 4) compensating heater; 5) cover
disk; 6) copper-constantan thermocouples.
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Fig. 2. Results of measurement of velocity profiles on different radii of the disk:
1) from formula (8). Authors' experimental data: a) for b, = 0.85 mm; b) 1.5; c) 4.
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Fig, 3. Fall of the maximum radial velocity along the disk radius: 1) from
formula (13) for by = 4 mm. Authors' experimental data: a) w, = 38.2 m/sec;
b) 31.2; ¢) 18.2.

Nuy
§
R o
“ A A (o]
) L5 e °F
P ls_@1 ﬁ‘b
0 o 0 g, BN
] c"eg y\\
§ L A/s/ / c — 2
N 0./
4// ® — b
A Ao
' .
o 2 3 4 5 6 7 6 910° Re,

Fig. 4. Heat transfer of a stationary disk with radial-slit air injection: 1) from
formula (14); a) for by = 1.5 mm; b) 2.5; ¢) 4,
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to coordinates W/Wm = f(y/ye), for which, equating
the derivative of relationship (2) to zero,

1
ow 0 y\7T ¥y

we determine the coordinate at which function (2)
attains its maximum value. The solution is

Y ==0.1250. (4)

After substitution of (4) into (2), the expression for
the velocity maximuom takes the form

@,, =0.1060 1. (5)

Dividing Eq. (2) by (5), we obtain

1
w ‘yNT (Y )
-@;_1.525({)) (1 b). (6)
When w = 0.5wW,
=y, = 0.655b. n

Hence, after replacement of b in Eq. (6) by y. the
expression for the Karman profile takes the form

2525 (0.655.—‘!/)/ (1—0.655 i). (8)

m 4 c

As Fig. 2 shows, relationship (8) satisfactorily
describes the experimental data for a stationary disk
swept by a jet.

From the experimental results the change in the
coordinate y. along the flow is given by the empirical
relationship

Yo = by + 0.06 (r —r,). (9)

As an example, Fig. 3 shows the experimental data
for the fall in maximum velocity along the disk radius.
To determine the theoretical relationship for this char-
acteristic of the jet we can use the conservation equa-
tion proposed by Akatnov and Tsukker. This equation
for a source of finite dimensions is written in the
following form:

b
E— S“ ot (Sy rwdy) dy =wirib? = const.  (10)
§ [}

After substitution of (6), the equation is brought to
the form

115

whence

b 2
e

i/ﬂ> =130 /\1.5253;»269(\'_!;—) (1-
< [Sy(%f ( *%) dyJ dy}. (12)

After solution of the integrals, the expression for the
maximum velocity component becomes

N

W, = W, 3‘/ 59 _ (13)
m = %0 0.136%% °

As Fig. 3 shows, there is a satisfactory agreement
between the calculated and experimental data over the
whole disk. An exception is the initial region (r — ry =
= 10bg) on which the velocity diagram outside the
boundary wall layer is of a linear nature with prac-
tically constant velocity [5]. Owing to the smallness
of the dimensions of the initial region in comparison
with the disk, this region can be negiected in a first
approximation, and the value of the maximum velocity
can be calculated using relationship (13).

The heat-transfer conditions on a diskwith its whole
surface swept by a radial jet are similar to the case
of heat transfer of a flat plate swept by an unbounded
flow with variable velocity over the disk w, = f(x} in
the absence of a pressure gradient. Hence, in the
generalization of the experimental heat-transfer data,
we took the velocity wy, along the characteristiclength
x=r — 1; as the characteristic velocityinthe Reynolds
number.

The obtained experimental data for the local heat
transfer of the disk are presented in Fig. 4. As the
figure shows, within the limits of experimental ac-
curacy, the experimental data agree satisfactorily
with one another, and in the Rey range 10%-2 - 10% are
described by the relationship

Nu, =0.0245Re?8 . (14)

In the region of Rey = 10'-3 - 10%, the experimental
data are 8-12% higher than the approximating line.
This is due to the fact that most of the points in the
indicated Rey range characterize the heat transfer in
the initial region of the outflow. The Reynolds number
corresponding to these points ig slightly underestimated,
since formula (13) is only a first approximation of the
change in the characteristic velocity wy, over the
length of the initial region. Despite this, the obtained
data are within the limits of error in the determina-
tion of the heat~transfer coefficients.

NOTATION

Wy is the initial velocity of the outflow from the
radial slit-source; w is the radial velocity on thedisk;
Wy is the local maximum radial velocity; yo is the
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coordinate corresponding to the ratio W/Wm = 0.5 out-
side the boundary wall layer; b, is the width of the
slit-source; ry is the initial radius of the outflow; r is
the variable radius; b is the variable width of the jet
over the disk radius; tg is the wall temperature; ty is
the flow temperature; q is the specific heat flux; v is
the kinematic viscosity; A is the thermal conductivity
of air; Nux = a(r — ry)/A is the Nusselt number; Rex =
= w(r — 13)/v is the Reynolds number; Re; = wyhy /v
is the Reynolds number.
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